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(57) A system for enliancing reception of a single 
carrier signal. The single carrier signal including a peri- 
odic training signal and data. The periodic training signal 
includes N symbols and L symbols L < N that constitute 
a prefix of the N symbol. The system includes a proces- 
sor and associated transmitter configured, in respect of 
each training signal, to duplicating the L symbols to the 
suffix of the training signal so as to constitute a modified 
training signal having a duplicated extension. Then, the 
transmitter Is configured to transmit the single carrier 



signal. The system also Includes a processor and asso- 
ciated receiver configured to receive the transmitted sin- 
gle carrier signal and in respect of each modified training 
signal applying the following calculation that include cal- 
culating FIR coefficients utilizing the modified training 
signal. Then, calculating a residue signal using FIR with 
the FIR coefficients, and calculating feedback coeffi- 
cients (MR) based on the residue, and finally applying to 
the received single carrier signal the MR and FIR using 
the respective MR coefficients and FIR coefficients In a 
time domain digital filter. 
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Description 

FIELD AND BACKGROUND OF THE INVENTiON: 

5 [0001] It is generally accepted that equalization of a single carrier signal is done by an adaptive equalizer. The 
adaptive equalization can be done on the data as in QAM (Quadrature Amplitude Modulation) based signals or on 
combination of a special training signal and the data as in VSB (Vestigial Side Band). The equalizer is normally con- 
figured in an IIR mode (An FIR plus a feedback equalizer) to provide coverage for long delayed multipath with a minimal 
number oftaps, thus hardware efficient. Learning of the taps values of the equalizing filter is done with theLMS algorithm 

10 or some of its variations. 

[0002] The LMS algorithm is usually applied because of its limited complexity. It is not however optimal in term of 
channel correction capability. The LMS is a continuous learning and tracking process that does not provide any means 
of control on the taps value build up. It works excellently in simple conditions, normally found when there is a line of 
sight to the transmission tower and when an outdoor antenna is used. In many other conditions that are common for 

15 TV reception like: indoor antenna use, downtown area surrounded with tall buildings or hilly terrain, the adaptive IIR 
equalizer with LMS learning algorithm does not always work. Such conditions normally induce short delays which pose 
difficulty to LMS based algorithms to cope with. 

[0003] The ATSC standard (Advanced TV System Community), for the DTV transmission (Digital TV) in the USA, is 
based on VSB modulation that includes a reference signal (referred to also as training signal). The reference signal 
20 substitutes the data every 313 segments (312 segments of data and one segment of reference infomnation). The 
reference signal is made of a training pattern and additional data, using only 2 levels constellations (M=2) . The reference 
pattern assists in the LMS convergence rate. The training pattern is designed for the LMS based algorithms. 
[0004] A typical VSB technology by an LMS algorithm adapts an equalizer filter taps b, according to the following 
equations: 

25 

d„ - The equalizer taps vector at time n. 

30 

~ equalizer taps vector at time n-1. 

x„ - The received signal. 

35 - The present equalization error. 

^„ - The algorithm step size, which sets the convergence rate of d„ to the optimal value b^p^ In order to ensure 
stable convergence process, ji^ has to be limited. 

40 [0005] Adaptive equalization based on the LMS algorithm suffers from the following disadvantages: 

1 . Low tracking capability of time varying channel, due to stability condition on ^l. 

2. Limited performance in present of non line of sight (LOS) channel conditions. The C/N penalty of typical ATSC 
45 demodulators increase significantly for Rayleigh channel conditions (low C/E level). 

3. Stability loss of the LMS IIR section, in presence of severe indoor conditions. 
SUMMARY OF THE INVENTiON: 

50 

[0006] There is accordingly a need in the an to provide for a system and method which substantially reduces or 
eliminates the limitations of hitherto known techniques. 

[0007] There is a further need in the art to provide for a system and method for obtaining qualitative reception of 
single carrier signals in general (and VSB in particular) in a non Line-Of-Sight (Non-LOS) conditions (such as indoor 
55 conditions). 

[0008] There is a further need in the art to provide for a system and method that is (are) substantially backward 
compatible. In other words, the technique of the invention can be incorporated in all those hitherto known VSB signal 
equipment (receiver/demodulator) which meet a certain very limited constraint posed by the technique of the invention. 
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[0009] It should be noted that when referring to a single carrier signal (or to specific examples of the QAM or VSB 
(ATSC) signals) it should be understood the term symbol is a base-band symbol. Accordingly, in the context of the 
invention, transmission of a single carrier signal normally includes e.g. additional steps of interpolation, digital filtering, 
analog filtering, digital up-conversion, analog up-conversion and D/A conversion, all as known perse and therefore is 
5 not expounded upon herein. The same applied to the reception of single carrier signal mutatis mutandis. 

[0010] It should be noted that the term processor encompasses any known computer system in either stand alone 
or other architecture. The implementation is accordance with the invention may be in software, hardware or combination 
thereof. 

[0011] There is, thus, provided in accordance with the invention a method for enhancing reception of a single carrier 
10 signal, the single carrier signal including a periodic training signal and data; the periodic training signal includes N 
symbols and L symbols L < N that are constituting either start portion or end portion of said N symbols; the method 

comprising the steps of: 

(a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said L 
15 symbols constitute a start portion , or otherwise to the start portion of the training signal if said L symbols constitute 

an end portion, so as to constitute a modified training signal having a duplicated extension; transmitting said single 
carrier signal; 

(b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 
20 following steps that include: 

(c) calculating at least FIR coefficients utilizing the modified training signal; 

(d) applying to the received single carrier signal at least the FIR using the FIR coefficients in a time domain digital 
25 filter. 

[0012] The invention further provides for use in the method of the kind specified in steps (b) to (d). 

[0013] In accordance with a preferred embodiment of the invention there is provided a mechanism, which is not LMS 

based, for better reception of single carrier signals in general, and the VSB signal in particular, based on: 

30 

1 . Providing a modified training signal to the transmitted single carrier signal. This is new for single carrier, in 
general, and to QAM based signal and VSB signal in particular. The signal is built of a training signal plus a dupli- 
cated extension as will be described below. This duplicated extension gives substantially clean data, clear of data 
noise that would otherwise penetrate from adjacent data echoes. This enables fast adaptation rate and eliminates 

35 the need for averaging, which implies slower adaptation rate. This step is implemented in a broadcasting side and 

the single carrier signal with the modified training signal is transmitted. The following steps are implemented in the 
receiving side and applied to the so received single carrier signal. 

2. Optionally, calculation of exact channel model, based on the duplicated extension in the modified training signal. 
40 By one modified embodiment this is implemented by frequency domain processing, using an FFT and an inverse 

FFT operations or by another modified embodiment time domain processing, by using cross congelation operation. 

3. Using FFT and I FFT (or similar techniques, such as matrix- or polynomial-based technique) for FIR coefficients 

calculations, The separation to FIR calculations and MR (Feedback) calculations provides a robust solution. In 
45 accordance with one embodiment only FIR is utilized for removing short delays. Such delays may be induced by 

e.g. difficult environmental conditions, such as the specified indoors receipt antenna conditions. In accordance 
with a modified embodiment where there exist also long delays (induced e.g. by relatively far objects such as 
mountains) MR should preferably utilized. 

50 4. For the latter modified embodiment, using the FFT and inverse FFT (or the similar techniques) in a second 

iteration the feedback IIR coefficients are calculated based on the residue after the computed FIR is applied. By 
a specific embodiment, the calculation of the residue is based on the so calculated channel model. 

[0014] Accordingly, in accordance with the invention, there is further provided a method for enhancing reception of 
55 a single carrier signal, the single carrier signal including a periodic training signal and data; the periodic training signal 
includes N symbols and L symbols L < N that are constituting either start portion or end portion of said N symbols; the 
method comprising the steps of: 
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(a) in respect of each training signal: duplicating said L synnbols to tlie end portion of the training signal if said L 
symbols constitute a start portion, or otherwise to the start portion of the training signal if said L symbols constitute 
an end portion, so as to constitute a modified training signal having a duplicated extension; transmitting said single 
carrier signal; 

5 

(b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 
following steps that include: 

(c) calculating FIR coefficients utilizing said modified training signal; 

10 

(d) calculating a residue signal using FIR with said FIR coefficients; 

(e) calculating feedback coefficients (MR) based on said residue; and 

15 (f) applying to the received single carrier signal the MR and FIR using the respective MR coefficients and FIR 

coefficients in a time domain digital filter. 

[0015] The invention further provides for use in the method of the kind specified in steps (b) to (f) 
[0016] The invention further provides for a system for enhancing reception of a single carrier signal, the single carrier 
20 signal including a periodic training signal and data; the periodic training signal includes N symbols and L symbols L < 
N that are constituting either start portion or end portion of said N symbols; the system comprising: 

a processor and associated transmitter configured, in respect of each training signal, to: duplicating said L symbols 
to the end portion of the training signal if said L symbols constitute a start portion , or othenwise to the start portion 
25 of the training signal if said L symbols constitute an end portion, so as to constitute a modified training signal having 

a duplicated extension; transmitting said single carrier signal; 

a processor and associated receiver configured to: receiving said transmitted single carrier signal and in respect 
of each modified training signal applying the following calculation that include: 

30 

calculating FIR coefficients utilizing said modified training signal; 

calculating a residue signal using FIR with said FIR coefficients; 

35 calculating feedback coefficients (II R) based on said residue; and 

applying to the received single carrier signal the MR and FIR using the respective MR coefficients and FIR 
coefficients in a time domain digital filter. 

40 [0017] By a modified embodiment, the use of FIR is obviated and only IIR is utilized. This embodiment is of particular 
useful in the case that long delays and substantially no short delays are induced to so received single carrier signal. 
[001 8] Accordingly, the invention provides for a method for enhancing reception of a single carrier signal, the single 
carriersignal including a periodic training signal and data; the periodic training signal includes N symbols and L symbols 
L < N that are constituting either start portion or end portion of said N symbols; the method comprising the steps of: 

45 

(a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said L 
symbols constitute a start portion, or otherwise to the start portion of the training signal if said L symbols constitute 
an end portion, so as to constitute a modified training signal having a duplicated extension; transmitting said single 
carriersignal; 

50 

(b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 
following steps that include: 

(c) calculating at least IIR coefficients utilizing the modified training signal; and 

55 

(d) applying to the received single carrier signal at least the 1 1 R using the 1 1 R coefficients In a time domain digital filter. 
[0019] The invention further provides for use in the method of the kind specified in steps (b) to (d). 
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[0020] The invention further provides for a method for processing a single carrier signal, the single carrier signal 
including a periodic training signal and data; the periodic training signal includes N symbols and L symbols L < N that 
are constituting either start portion or end portion of said N symbols; the method comprising the step of: 

5 (a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said L 

symbols constitute a start portion, or otherwise to the start portion of the training signal if said L symbols constitute 
an end portion, so as to constitute a modified training signal having a duplicated extension. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

10 

[0021] For a better understanding, the invention will now be described by way of example only, with reference to the 

accompanying drawings, in which: 

Fig. 1 is a generalized flow diagram of the operational steps in accordance with a preferred embodiment of the 
15 invention; 

Fig. 2 is a generalized block diagram of a system according to a preferred embodiment of the invention; 

Fig. 3A-B illustrate schematically a hitherto known training signal in the first segment of every field in an ATSC 
20 signal and a modified training signal in the first segment of every field in an ATSC signal in accordance with a 

preferred embodiment of the invention; 

Fig. 4 is a graph representation of Channel impulse response, as measured by 'ideal' channel-analyzer; 

25 Fig. 5 is a graph representation of Channel impulse response IDFT, gp, showing the 1®* 130 IDFT elements, cor- 

responding to the post taps of the channel, calculated according to a preferred embodiment of the invention; 

Fig. 6 is a graph representation of Channel impulse response IDFTg^, showing the last [490:511] IDFT elements, 
containing the pre taps of the channel, calculated according to a preferred embodiment of the invention; 

30 

Fig. 7: is a graph representation of FIR section impulse response hfl^ calculated according to a preferred em- 
bodiment of the invention; 

Fig. 8: is a graph representation of Channel impulse response, after FIR equalization. K-factor is increased by 
35 13.3 dB, and equals 11 dB, calculated according to a preferred embodiment of the invention; 

Fig. 9: is a graph representation of IIR section impulse response lijjr „, calculated according to a preferred embod- 
iment of the invention; and 

40 Fig. 10: is a graph representation of Channel impulse response, after IIR equalization, where K-factor is increased 

by additional 6.37 dB, and equals 17.37 Db, calculated according to a preferred embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EiUIBODIiVIENTS 

45 [0022] As specified above, in accordance with a specific preferred embodiment of the invention (described with 
reference to Fig. 1) there is provided a mechanism, which is not LMS based, for better reception of single carrier signals 
in general, and the VSB signal (according to ATSC standard) in particular, based on: 

1 . Providing a modified training signal to the transmitted single carrier signal (2). This is new for single carrier, in 
50 general, and to QAIVI based signal and VSB signal in particular. The signal is built of a training signal plus a dupli- 
cated extension as will be described below. This duplicated extension gives substantially clean data, clear of data 
noise that would otherwise penetrate from adjacent data echoes. This enables fast adaptation rate and eliminates 
the need for averaging, which implies slower adaptation rate. This step is implemented in a broadcasting side and 
the single carrier signal with the modified training signal is broadcasted . The following steps are implemented in 

55 the receiving side and applied to the so received single carrier signal. 

2. Optionally, calculation of exact channel model (4), based on the duplicated extension in the modified training 
signal. By one modified embodiment this is implemented by frequency domain processing, using an FFT and an 
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inverse FFT operations or by anotlier nnodified ennbodiment tinne domain processing, by using cross correlation 
operation. 

3. Using FFT and IFFTfor FIR coefficients calculations (6). The separation to FIR calculations and MR (Feedback) 
calculations provides a robust solution. In accordance with one embodiment only FIR is utilized for removing short 
delays. Such delays may be induced by e.g. difficult environmental conditions, such as the specified indoors receipt 
antenna conditions. In accordance with a modified embodiment where there exist also long delays (induced e.g. 
by relatively far objects such as mountains) MR should preferably utilized. 

4. For the latter modified embodiment, using the FFT and inverse FFT in a second iteration the feedback MR 
coefficients are calculated (8) based on the residue after the computed FIR is applied. By a specific embodiment, 
the calculation of the residue is based on the so calculated channel model. 

[0023] The first step (2) involves the construction of modified training signal, which by one embodiment is based on : 

1 . A random training sequence of length N, like the PN511 signal (Pseudo-Random Noise) in VSB, is modified to 
2'^-length series. Thus, in the case of PN 511 additional symbol, say 0 is padded as an Least Significant Symbol, 
brining about a 512 (29-length) series . 

2. L symbols from among the N symbols, L<N (constituting a start portion), preferably the first L symbols of the N 
symbols arc duplicated to the end portion of the training signal (constituting a duplicated extension). 
Preferably, the duplicated extension are appended immediately following the N symbols (51 2 length in the example 
of 1 above) constituting, thus, a cyclic repetition (or cyclic extension). 

3. The modified training signal is repeated in a pre-determined rate inside the transmitted signal, e.g. in the case 
of VSB, each 313 segments. 

[0024] The so calculated modified training signal facilitates direct calculation of the channel model with no distortion 
from the penetration of data symbols echoes up to L symbols long (Pre-echoes and post-echoes together). The length 
L of the cyclic repetition provides uniform coverage for channel multipath up to a duration of the symbol rate times L. 
[0025] Since the VSB signal already contains a training signal, the goal is to make the proposed modified training 
signal, as similar as possible to the original signal, with as much as possible backward compatibility (with VSB receiver/ 
demodulator equipment) to the current signal. 

[0026] As is well known, the ATSC signal is built of frames that are divided into 2 fields, an even field and an odd 
field. Each field is further divided into 31 3 segments of 832 symbols. The first segment in every field contains a training 
signal that will now be described with reference to Fig. 3A, where: 

A - signifies 4 symbols segment sync. 

B - signifies 511 symbols of the PN511 training signal. 

C - signifies 63 symbols of the PN63 training signal. 

D - signifies 63 symbols of the PN63 training signal. Alternate polarity every field. 
E - signifies 63 symbols of thePN63 training signal. 
F - signifies 24 symbols VSB mode. 

G - signifies 92 unused symbols, 

H - signifies 12 symbols for trellis coding. 

[0027] The other 312 segments contain the 4 symbols segment sync plus 828 symbols of data. 
[0028] The usage of parts [C,D,E] is difficult for channel equalization in terrestrial use with long multipath, because 
of the short repetition cycle and the toggling polarity. These short trainings were originally intended for the cable VSB1 6 
application where fine equalization is required in short multipath conditions. Since the VSB system is now applied in 
a single mode only for the terrestrial transmission, the 24 symbols of the VSB mode represent only a single mode of 
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operation and therefore have no utility. 

[0029] Thus, in accordance with a specific preferred embodiment of the invention the 305 symbols (i.e., C,D,E,Fand 
G) which are hardly used with VSB systems are used as an end portion of the PN511, constituting one form of a 
modified training signal. Thus, and as shown in Fig. 3b, there is provided the following reference signal: 

5 

A - 4 symbols segment sync. 
B' - 512 symbols of the PN511 training signal. 
10 G' - 305 symbols, which equals the first 305 symbols of B. 

H - 1 2 symbols for trellis coding. 

[0030] Note that B' stands for B + "padded symbol" (say 0) so as to constitute 2" - length series, which is necessary 
15 for the subsequent FFT implementation B'+G' are 816 symbols long or shorter. Each of them can have a different 
length, other than 511 and 305 respectively, as long as they keep the rule above. Thus, if B' stands for 512 then G' is 
reduced to 304. 

[0031] The modified training signal (The basic PN511 plus its cyclic repetition) has the unique characteristics of cyclic 
behavior. This facilitates direct and exact calculation of the channel model (see "An Introduction to Orthogonal Fre- 

20 quency Division Multiplexing", Research Report /1 996:1 6, Lulea University, Sweden), with no distortion from the pen- 
etration of data symbols echoes up to 305 symbols long (Pre ghosts [echoes] and post ghosts together). It should be 
noted that the direct calculation may be realized in time domain (e.g. cross-correlation calculation) orfrequency domain 
(e.g. FFT calculation). It should be further noted that the cyclic characteristics does nottakein account the pre-pending 
'A' portion and the appended 'H' portion. 

25 [0032] The 305 length of the cyclic repetition provides uniform coverage for channel multipath up to a length of 28.34 
^sec (the symbol rate is 10.7622 MhZ and accordingly 305 symbols are extended over a time interval of 28.34 {isec. 
[0033] It should be noted that by this embodiment the modification of only the training signal extension makes it 
backward compatible to many existing demodulator VSB equipment that are commercially available in the market. The 
latter is based on the assumption that end portion (portion C-G in Fig. 3A, now forming the duplicated extension) is 

30 not used due to the limited application of the VSB for otherthan terrestrial transmission in the USA, where VSB operates 
in the VSBStr mode only. Put differently, as long as the commercially available demodulators meet the constraint that 
the L symbols (e.g. 305) in the suffix are not used, the proposed technique is backward compatible and can be used 
with commercially available demodulators. 

[0034] It should be noted that by this example L=305 and N=51 1 . Those versed in the art will readily appreciate that 

35 other modifications may apply. 

[0035] By this example the 305 prefix symbols were duplicated at the end portion (constituting one form of said cyclic 
extension), which in the case of VSB signal constitutes an advantage insofar as down compatability is concerned. 
[0036] It is recalled that in the general case of a single carrier signal it is not necessarily to provide the duplicated 
extension at the end portion and accordingly by a modified embodiment, the end portion of the N symbols are duplicated 

40 in the start portion thereof. 

[0037] As specified above, whereas the modified training signal is applied to VSB signal, those versed in the art may 
readily appreciate that it may be applied to any other single carrier signal such as and not limited to QAM. 
[0038] The construction of the modified training signal is realized at the transmitting side, e.g. at the broadcasting 
station, whereas the processing of the training signal (as will be explained in detail below) is realized at the subscriber 

45 side. 

[0039] The size (N) of the training signal limits the length of each one the FIR filter and the MR filter. The size of the 
cyclic extension (L) determines the maximal ghosts delays (echoes), which can be handled, both pre and post ghosts. 
The rate of repetition of the reference signal determines the dynamics, which can be handled, Without the duplicated 
extension averaging is required (as is the case in the prior art solutions), which means both less quality solution and 
50 slower adaptation rate. 

[0040] There are various utilities for the specified modified training signal. Thus, in accordance with a non-limiting 
preferred embodiment, the training signal is utilized for the construction of a channel model. 

[0041] In accordance with another non-limiting preferred embodiment, the specified modified training signal is utilized 
for enhancing the quality of the received single carrier data by using FIR filtering, or IIR filtering or both for equalizing 
55 the received data (i.e. attenuating channel echoes) even in difficult environmental conditions. 

[0042] There will now described with reference to Fig. 2 and 4-10, a specific preferred embodiment where the so 
received VSB signal will be enhanced so as to accomplished equalizing calculation. There will be further shown exact 
model calculation, which may be used as one out of few possible variants to calculate the residue. The exact model 
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calculation exploits the modified training signal. By this embodiment, the processing steps (4, 6 and 8 described above 
with reference to Fig. 1) are perfomned at the subscriber side on received signal having already incorporated therein 
the modified training signal. 

[0043] The channel model calculation (4 in Fig. 1) may be calculated in the Frequency domain (e.g. using FFT and 
5 inverse FFT operations) or in the time domain (e.g. using cross correlation operations). 

[0044] Before turning to the description of the channel model with reference to Fig. 2, it should be noted that the 
embodiment of Fig. 2 is only an example and the invention is by no means bound thereby. Thus, consider the following 
definitions: 

[0045] N - The length of the training signal. In the VSB signal it is 51 1 , which is the length of PN51 1 . For an efficient 
10 use of Radlx-2 FFT machine, and with no loss of generality, N can be set to 51 2 by padding the PN51 1 sequence with 
one zero at its end. For convenience, the PN511 after the padding of zero will also referred to as PN511 . 

• L = 81 6-N, the total data penetration allowed (pre plus post ghosts). 

15 • X(;yc= [PN511 , PN511 (0:L-1)], the extended training signal of length 816. Note that the X(.yc is the modified training 
signal that includes the duplicated portion which was introduced to the VSB signal at the broadcasting station. 

• X= FFTn(PN511). 

g - The equivalent discrete Base-Band channel impulse response of length L (pre plus post taps). This is the model 
20 of the channel ghosts. If it is longerthan L, some noise (due to data penetration) will be added and it will be required 

to start averaging techniques, which will slow down the process. Fig. 4 illustrates such a simulated channel impulse 
response where as measured by 'ideal' channel-analyzer. As shown, the channel time response at (45) corre- 
sponds to the short delays, whereas (46) for the long delays. 

25 • . The response (base-band) of g to x^yc ■ This is the n'th received reference segment of length 816+L-1 . It is 
assumed that y^iO) corresponds to Xcyc(O). Note that the Vn "incorporates" the modified training signal after being 
subject to channel response. 

• W|sj(k)=e'*^-^, k=0,1 ,2,... N-]. 

30 

• M - Maximum backwards data penetration (Pre ghosts). IVI is determined through energy calculations and is not 
expounded upon herein as this matter is beyond the scope of the present invention. 

[0046] On the basis of the foregoing definitions, the process of channel model calculation in accordance with one 
35 embodiment will now be described with reference also to Fig. 2. As shown, each segment is constituted by the 
response (21) (signifying the so received modified training signal) and the successive received single carrier data (22), 
in a repetitive manner. 

[0047] For each reference segment (modified training signal) n. n=0,1 ,2,... 
40 1 . Record = VpCL-M : L+N-1-M) of length N, (designated first data manipulation block 23). 

2. Compute = FFTN(rn) (block 24). 

3. Thereafter, compute the channel DFT Gn(k) = (Rn(k)/X(k))*W|M(k)-'-+M, k=0,1 ,2,... N-1 . (i.e. multiplying Rp by the 
45 contents of blocks (25) and (26), giving rise to Gn(k)) 

4. Compute the channel model g^ = IFFT|^(Gn), (27). The resulting model channel is illustrated in Figs. 5 and 6. 

It should be noted that the effect of the periodic extension is similar to that of the cyclic prefix used in the 
DVB-T OFDM (see "An Introduction to Orthogonal Frequency Division Multiplexing", Research Report /1 996:16, 
50 Lu lea University, Sweden). It means that the DFT of the received signal r^, equals by definition totheDFT's product 

of the reference signal PN511 and the channel impulse response g (padded by N-L zeros). As specified above, in 
order to maintain downward compatibility the start portion is appended to the end portion In the VSB signal (in 
contrast to the specified DVB-T OFDM application). 

It has to be noted, that g^ is the N-length cyclic version of the linear impulse response g, i.e., an m-length pre- 
55 tap of g appears as gn(N-m). 

As an example in the VSB transmission, the channel model calculation technique is accurate, and supports 
channel coverage up to L=304 taps, which equals to 28.25 ^sec echoes. There is no need to average measured 
reference for data penetration, because the duplicated extension prevents data penetration into r^. It also supports 
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high rate dynamic channel tracking, limited by the reference segment rate and the actual noise level. As an example 
for 8-VSB ATSC signal, this rate can approach up to 4Hz (being one-tenth of the training signal repartition rate; 
by the example above the repetition rate being each 313 segments). 

There follows the step of calculating FIR coefficients (8 in Fig. 1), As specified above, for the purpose of FIR 
5 calculation the channel model calculation step is not necessarily required. 

5. Thus, Compute the inverse channel model gjpv.n = IFFT|sj(1/Gn) (blocks 28 and 29). 

6. Next, set the FIR equalizer coefficients hfj^^ of length Nfj^^N (block 30). 

10 It should be noted that the FIR equalizer taps hfj^ are set based on the inverse channel gjnv^p' according to 

some criterion based on the shape of the channel model g^. For example, in the presence of short non line-of- 
sight (LOS) channel, a full FIR structure of N taps will be used. Using both FIR and MR feedback sections treats 
short clustered echoes, mixed with additional long ones. The FIR part eliminates the clustered echoes. The resulting 
FIR coefficients are illustrated in Fig. 7. 

15 

7. Now, Define 0 <Mflr < Nfj^ as the hfj^ center-tap delay. 

[0048] Had it been that only short delays are encountered it would be sufficient to apply the FIR coefficients on the 
received single carrier signal (31). If however also long delays arc encountered an II R filter should also be exploited. 
20 This necessitates calculation of MR (Feedback portion) (39) coefficients calculations. To this end the residue after 
applying the FIR should be calculated. One out of few possible approaches includes: 

1 . Compute res = conv([rn(N-Nfjf.:N-1), rp,(0:N-1)],hfjf. J, of length 2*Nfjf.+N-1 . It is the response of hfj^^,, to the cyclic 
prefix extension of r^. (block 32 -designating second data manipulation which encompasses the calculations em- 

25 braced by the square brackets above; and block 33) 

2. Compute R^es.n = FFTN(rres,n). where r^es.n = i'es(Nfir:Nfir+Nr-1), of length N, (block 34) 

3. Compute the residual channel DFT, Gres,n(k)=(Rres,n(k)/X(k))*WN(k)'^fi'"+L-M^ k=0,1 ,2,...N-1 . (the result of multi- 
30 plying R^es^nC^) by the contents of blocks (25) and (35), giving rise to Greg.nC^) (^^) 

4. Compute the residual channel model gres.n= "^'^"'"|s|(Grgs_n). (block 37), brings about the residue depicted in Fig. 

8. Due to offset along the time ordinate, the area (81) corresponds to (45 in Fig. 4) and the area (82) corresponds 
to (46 in Fig, 4). As shown due to the FIR operation, the short delays at (81) are substantially eliminated, whereas 

35 the long delays (82) need still to be treated. 

5. Next, set the MR equalizer hjjr „ of length Njj^ < N. according to the specific structure of gres.n- (block 38). The 
resulting MR coefficients are illustrated in Fig. 9. Applying the MR filter with the so calculated MR coefficients (39), 
would eliminate or reduce the long delays (as shown in Fig. 10). 

40 

[0049] The proposed approach results with more stable FIR equalization design relative to the LMS one. Combining 
FIR equalization with post residual II R (feedback) equalization, gives high performance in presence of severely con- 
dition as non line of sight channel. 

[0050] It should be noted that tap division between FIR and MR taps provides flexibility of implementation, from normal 
45 configuration with short forward FIR section and long feedback section, all the way to a long FIR with no feedback 
filter. Those versed in the art will readily appreciate that in the case of short delays (either pre or post echoes) an Fl R 
filter should be employed. In the case that long delays (post echoes) a very long FIR is required, which, inter alia, is 
very costly. In the latter scenario, the FIR solution leaves residue ghosts, so the II R part will be required instead of the 
FIR. From the foregoing discussion it readily arises that depending upon the particular application only FIR filter, only 
50 MR filter or both can be used. 

[0051] Those versed in the art will readily appreciate that the invention is not bound by any particular implementation 
of FIR and/or MR. filters and any known perse implementation thereof is applicable. 

[0052] Fig.1 0 illustrates the long and short echoes reduction extent in the specific example described with reference 
to Figs. 2 to 9. Thus C/E ratio (reflected by the K factor defined below) equals -2.308 dB (Fig. 4) as compared to G/E 
55 ratio of K= 17.37 dB (Fig. 10), bringing about 20dB improvement. 

[0053] The following exemplary numeric value were utilized In the example above, 
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Channel: 

[0054] The channel innpulse response sequence g(n) has a Kfg^^^y of a -2.3 dB, where 

5 

10 [0055] The channel contains one cluster around the main path (taps n=-4 to 1 0), which is foliowed by one additional 
post ghost (tap n=127). 
[0056] Reference signal: 

N = 511. 
15 L = 300. 

M = 50. 

[0057] FIR section: 

20 Nfir=192 
Mfi, = 96 

[0058] MR section: 

25 Nfir=192. 

[0059] In the following, alphabetic characters and roman symbols are used in the nnethod steps for convenience only 
and do not necessarily imply any particular order of the method steps. 

[0060] The present invention has been described with a certain degree of particularity, but those versed in the art 
30 will readily appreciate that various alterations and modifications may be carried out without departing from the scope 
of the following Claims: 



Claims 

35 

1. A method for enhancing reception of a single carrier signal, the single carrier signal including a periodic training 
signal and data; the periodic training signal includes N symbols and L symbols L < N that are constituting either 
start portion or end portion of said N symbols; the method comprising the steps of: 

40 (a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said 

L symbols constitute a start portion, or otherwise to the start portion of the training signal if said L symbols 
constitute an end portion, so as to constitute a modified training signal having a duplicated extension; trans- 
mitting said single carrier signal; 

45 (b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 

following steps that include: 

(c) calculating FIR coefficients utilizing said modified training signal; 
50 (d) calculating a residue signal using FIR with said FIR coefficients; 

(e) calculating feedback coefficients (MR) based on said residue; and 

(f) applying to the received single carrier signal the MR and FIR using the respective MR coefficients and FIR 
55 coefficients in a time domain digital filter. 

2. The method according to Claim 1 , wherein said calculating step stipulated in (d) includes applying said FIR to the 
modified training signal so as to obtain said residue. 
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3. The method according to any one of the preceding claims, wherein said single carrier being a VSB (ATSC) signal. 

4. The method according to Claim 3, wherein the ATSC signal includes frames that are divided into 2 fields, an even 
field and an odd field; each field is further divided into 313 segments of 832 symbols each; the first segment in 

5 every field contains a modified training signal that consists of: A - signifies 4 symbols segment sync. 

B - signifies 511 symbols of the PN51 1 training signal. 
C - signifies 63 symbols of the PN63 training signal. 

10 

D - signifies 63 symbols of the PN63 training signal. Alternate polarity every field. 
E - signifies 63 symbols of thePN63 training signal. 
15 F - signifies 24 symbols VSB mode 

G - signifies 92 unused symbols. 

H - signifies 12 symbols for trellis coding.. 

20 

The other 312 segments contain the 4 symbols segment sync plus 828 symbols of data. ; said N=511 and L=305 ; 

5. The method according to Claims 1 to 2, wherein said single carrier signal being QAM signal. 

25 6. The method according to any one of the preceding claims, wherein said duplicated extension being the end portion. 

7. The method according to Claim 3, wherein said step (a) includes: 

(a) modifying the N symbols to a 2" length series;. 

30 

(b) duplicating L symbols (L<N) from among a start portion of the resulting N symbols in (1), to the end portion 
of the training signal so as to give rise to a duplicated extension in a modified training signal;. 

(c) repeating the modified training signal in a pre-detennined rate inside the single carrier signal. 

35 

8. A method for enhancing reception of a single carrier signal, the single carrier signal including a periodic training 
signal and data; the periodic training signal includes N symbols and L symbols L < N that are constituting either 
start portion or end portion of said N symbols; the method comprising the steps of: 

40 (a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said 

L symbols constitute a start portion , or otherwise to the start portion of the training signal if said L symbols 
constitute an end portion, so as to constitute a modified training signal having a duplicated extension; trans- 
mitting said single carrier signal; 

45 (b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 

following steps that include: 

(c) calculating at least FIR coefficients utilizing the modified training signal; 

50 (d) applying to the received single carrier signal at least the FIR using the FIR coefficients in a time domain 

digital filter. 

9. The method according to Claim 8, further including calculating at least MR coefficients utilizing the modified training 

signal, and wherein said step (d) includes applying to the received single carrier signal at least the FIR using the 
55 FIR coefficients and the MR using the II R coefficients in a time domain digital filter, so a to obtain a single carrier 

signal. 

10. A method for processing a single carrier signal, the single carrier signal including a periodic training signal and 
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data; the periodic training signal includes N symbols and L synnbols L < N that are constituting either start portion 
or end portion of said N synnbols; the method comprising the step of: 

(a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said 
L symbols constitute a start portion, or othenvise to the start portion of the training signal if said L symbols 
constitute an end portion, so as to constitute a modified training signal having a duplicated extension. 

11. The method according to Claim 10, further comprising: 

(b) calculating a channel model utilizing at least the modified training signal in said single carrier signal. 

12. The method according to Claims 10 or 11 , wherein said single carrier signal being VSB signal. 

13. A method for enhancing reception of a single carrier signal, the single carrier signal including a periodic training 
signal and data; the periodic training signal includes N symbols and L symbols L < N that are constituting either 
start portion or end portion of said N symbols; the method comprising the steps of: 

(a) in respect of each training signal: duplicating said L symbols to the end portion of the training signal if said 
L symbols constitute a start portion, or othenwise to the start portion of the training signal if said L symbols 
constitute an end portion, so as to constitute a modified training signal having a duplicated extension; trans- 
mitting said single carrier signal; 

(b) receiving said transmitted single carrier signal and in respect of each modified training signal applying the 
following steps that include: 

(c) calculating at least MR coefficients utilizing the modified training signal; and 

(d) applying to the received single carrier signal at least the MR using the MR coefficients in a time domain 
digital filter. 

14. For use in the method of any one of Claims 1 to 7, said steps (b) to (f). 

15. For use in the method of Claims 8 or 9, said steps (b) to (d). 

16. For use in the method of Claim 13, said steps (b) to (d). 

17. A system for enhancing reception of a single carrier signal, the single carrier signal including a periodic training 
signal and data; the periodic training signal includes N symbols and L symbols L < N that are constituting either 
start portion or end portion of said N symbols; the system comprising: 

a processor and associated transmitter configured, in respect of each training signal, to: duplicating said L 
symbols to the end portion of the training signal if said L symbols constitute a start portion , or otherwise to 
the start portion of the training signal if said L symbols constitute an end portion, so as to constitute a modified 
training signal having a duplicated extension; transmitting said single carrier signal; 

a processor and associated receiver configured to: receiving said transmitted single carrier signal and in re- 
spect of each modified training signal applying the following calculation that include: 

calculating FIR coefficients utilizing said modified training signal; 

calculating a residue signal using FIR with said FIR coefficients; 

calculating feedback coefficients (MR) based on said residue; and 

applying to the received single carrier signal the MR and FIR using the respective II R coefficients and FIR 
coefficients in a time domain digital filter. 

18. The system according to Claim 1 7, wherein said single carrier being a VSB (ATSC) signal. 
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19. The system according to Claim 1 8, wherein the ATSC signal includes frames that are divided into 2 fields, an even 
field and an odd field; each field is further divided into 313 segments of 832 symbols each; the first segment in 
every field contains a modified training signal that consists of: A - signifies 4 symbols segment sync. 

B - signifies 511 symbols of the PN511 training signal. 

C - signifies 63 symbols of the PN63 training signal. 

D - signifies 63 symbols of the PN63 training signal. Alternate polarity every field. 
E - signifies 63 symbols of the PN63 training signal. 
F - signifies 24 symbols VSB mode 
G - signifies 92 unused symbols. 
H - signifies 12 symbols for trellis coding.. 
The other 312 segments contain the 4 symbols segment sync plus 828 symbols of data. ; said N=511 and L=305 ; 

20. The system according to Claim 1 7, wherein said single carrier signal being QAM signal. 

21. The system according to Claims 17, wherein said duplicated extension being the end portion. 

22. The system according to Claim 1 8, wherein said processor is configured to produce said modified training signal 
by applying the calculations tat include: 

modifying the N symbols to a 2" length series;. 

duplicating L symbols (L<N) from among a start portion of the resulting N symbols in (1), to the end portion of 
the training signal so as to give rise to a duplicated extension in a modified training signal;, and 

repeating the modified training signal in a pre-determined rate inside the single carrier signal. 
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